DESCRIPTION 

i ^ 



Plate Heat Exchanger and Method of Making Same 
Technical Field 




[0001] The present invention relates to plate heat exchangers employing, as heat exchange 

fluids, a liquid and a two-phase fluid undergoing a phase change in vapor and liquid phases to 
exchange heat between the liquid and two-phase fluid. 

Background Art 

[0002] The plate heat exchangers generally include a stack of metal plates having separated 

passageways defined therein through which heat exchange fluids flow to exchange heat therebetween. 
The plate heat exchangers have a large surface area per volume and can be made compact. Because 
they can be made with a lesser amount of material, they gradually surpass tube and shell heat 
exchangers in use. In ordinary plate heat exchangers, outer peripheral portions of the plates or header 
holes are sealed with gaskets, and the plates are mechanically fixed. Although they can be taken apart 
and cleaned, they have the disadvantage of being limited in the range of temperature or pressure of 
the fluids to be used. 

[0003] Japanese Laid-Open Patent Publication No. 63-137793 discloses an improved plate 

heat exchanger that can overcome the above-described problem inherent in the ordinary plate heat 
exchangers. This heat exchanger includes metal plates piled up one upon the other, in which fluid 
passageways are formed by punching and each of them is defined within the thickness of a metal 
plate. This heat exchanger has the same advantages as those of the ordinary plate heat exchangers, 
and because the metal plates having the fluid passageways are completely secured together, the heat 
exchanger does not impose a large limitation in the range of temperature or pressure of the fluids to 
be used. 
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[0004] Fig. 8 depicts such a plate heat exchanger, a portion of which is taken apart for ease 

of understanding. As shown therein, the plate heat exchanger includes a plurality of passageway plates 
81 each having passageways 86 defined therein as penetrations, and includes a plurality of 
passageway plates 82 each similarly having passageways 87 defined therein as penetrations. All of 
the plates are piled up alternately with a partition plate 83 interposed between adjacent passageway 
plates 8 1, 82. A stack of these plates 81, 82, 83 is sandwiched between a pair of end plates 84, 85. 

[0005] Each passageway plate 81 has through-holes 92a, 92b defined therein in addition to 

the passageways 86, while each passageway plate 82 similarly has through-holes 95a, 95b defined 
therein in addition to the passageways 87. Each partition plate 83 has through-holes 93a, 93b, 94a, 
94b defined therein. The end plate 84 has inlet and outlet pipes 88, 89 for a heat exchange fluid A, 
and inlet and outlet pipes 90, 91 for another heat exchange fluid B, all of which are secured thereto. 
The passageways 86 in each passageway plate 8 1 and the passageways 87 in the adjacent passageway 
plate 82 are separated by a partition plate 83 and cross at right angles. 

[0006] The heat exchange fluid A enters the heat exchanger through the inlet pipe 88 secured 

to the end plate 84, passes through the through-holes 94a, 95a, and enters the passageways 86 formed 
in the passageway plates 8 1 . The heat exchange fluid A that has passed through the passageways 86 
is discharged from the heat exchanger via the through-holes 95b, 94b and then via the outlet pipe 89. 
On the other hand, the heat exchange fluid B enters the heat exchanger through the inlet pipe 90 
secured to the end plate 84, passes through the through-holes 92a, 93 a, and enters the passageways 
87 formed in the passageway plates 82. The heat exchange fluid B that has passed through the 
passageways 87 is discharged from the heat exchanger via the through-holes 93b, 92b and via the 
outlet pipe 91. At this moment, the heat exchange fluid A flowing through the passageways 86 
exchanges heat, through two partition plates 83 disposed above and below it, with the heat exchange 
fluid B flowing through the passageways 87. 

[0007] The conventional plate heat exchanger of the above-described construction has the 

following drawbacks. 
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[0008] Because the heat exchange fluids A, B form cross- or rectangular-current flows that 

are in a heat exchange relationship, and because the cross- or rectangular-current flows are inferior 
in heat transfer efficiency to countercurrent flows, the conventional plate heat exchanger referred to 
above requires a heat transfer area greater than that required by a heat exchanger of the 
countercurrent flow type to obtain a predetermined heat transfer capacity, resulting in an increase in 
size of the heat exchanger. In order to enhance the heat transfer ability on the side of the heat 
exchange fluid A in the heat exchanger, if the heat transfer area is increased by elongating the 
passageways 86, it becomes necessary for the passageways 87 adjoining them via the partition plates 
83 to be increased in number or in width. In either case, the total sectional area of the passageways 
87 increases, and the speed of the heat exchange fluid B decreases, resulting in a reduction in the heat 
transfer ability of the heat exchange fluid B. 

[0009] Diffused junction, bonding, brazing or the like is preferably employed to join the plates 

together in the plate heat exchanger. 

[0010] In the diffused junction, a stack of plates is pressurized under vacuum and heated to 

a temperature slightly less than the melting point of the material of the plates. Because the plates are 
joined together by virtue of diffusion of the material in the vicinity of the mating surfaces of the 
plates, a considerably large load is required for the application of pressure during joining, thus 
requiring relatively large pressure equipment. Accordingly, it is difficult to mass-produce the plate 
heat exchangers at a low cost. 

[0011] Bonding is generally carried out by first coating the bonding surfaces of the plates 

with, for example, an epoxy-based bonding agent, and by subsequently conducting heat curing 
treatment on the plates that have been piled up one upon the other. Because the joining by bonding 
is poor in pressure resistance or heat resistance of the bonded portions, the use pressure or 
temperature of the heat exchangers is considerably limited. 
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[0012] On the other hand, brazing is generally carried out by first coating the bonding 

surfaces of the plates with a solder or brazing material having a melting point lower than that of the 
plates, and by subsequently heating the plates, which have been piled up one upon the other, to a 
temperature greater than the melting point of the solder. The melted solder is diffused into the plates 
to join them. 

[0013] In view of the manufacturing equipment or pressure resistance of the heat exchangers, 

brazing is generally employed in joining the plates. However, if the degree of contact between the 
neighboring plates during brazing is bad, a gap or gaps are created in the brazed portions of the 
plates, thus causing leakage of the heat exchange fluids. By way of example, passageways or 
through-holes are formed in the passageway plates or the partition plates by pressing or punching and, 
hence, burrs are formed on the processed portions of the plates in the direction of pressing or 
punching. When the plates are piled up, contact of such burrs considerably deteriorates the degree 
of contact between the neighboring plates, resulting in poor brazing. 

Summary of the Invention 

[0014] The present invention has been developed to overcome the above-described 

disadvantages. 

[0015] It is accordingly an objective of the present invention to provide a small-sized 

inexpensive plate heat exchanger having an enhanced performance and a method of making the same, 
in which two fluids that are in a heat exchange relationship flow in opposite directions. 

[0016] Another objective of the present invention is to provide a plate heat exchanger having 

enhanced reliability and a method of making the same, in which the mechanical strength required for 
a pressure vessel is increased or the plates are positively secured together. 
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[0017] In accomplishing the above and other objectives, the plate heat exchanger of the 

present invention includes a pair of end plates extending parallel to each other. A plurality of plates 
are sandwiched between the pair of end plates and have two passageways defined therein that are not 
in fluid communication with each other, and two fluids flow through the two passageways in a 
countercurrent fashion. 

[001 8] Because the countercurrent flows are superior in heat transfer efficiency, it is possible 

to enhance the performance and reduce the size of the plate heat exchangers. 

[0019] The plurality of plates may include a plurality of first passageway plates each having 

a first passageway defined therein, a plurality of second passageway plates each having a second 
passageway defined therein, and a plurality of partition plates. The plurality of first passageway plates 
and the plurality of second passageway plates are piled up alternately with one of the plurality of 
partition plates interposed between neighboring first and second passageway plates. The first and 
second passageways are aligned with each other, and first and second fluids flow through the first and 
second passageways, respectively, in the countercurrent fashion. 

[0020] In the above-described construction, if the partition plates are trucker than the first or 

second passageway plates, the mechanical strength required for a pressure vessel is increased, thus 
enhancing the reliability of the plate heat exchangers. 

[0021] Furthermore, if the first and second passageway plates have an identical shape, the 

same plates can be commonly used therefor. Accordingly, the plate structure is extremely simplified, 
making it possible to further reduce the manufacturing cost of the plate heat exchangers. 

[0022] Alternatively, each of the plurality of plates may be a passageway plate having first 

and second passageways defined therein that adjoin and extend parallel to each other, wherein first 
and second fluids flow through the first and second passageways, respectively, in the countercurrent 
fashion. 
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[0023] By this construction, because the first and second fluids exchange heat in the 

countercurrent fashion and because the plate structure is simplified, it is possible to enhance the 
performance of the plate heat exchangers and reduce the manufacturing cost and size of the plate heat 
exchangers. 

[0024] If the plurality of plates are shaped by pressing and piled up so that punching 

directions thereof during pressing coincide, contact of burrs that have been created on the plates by 
pressing is avoided. As a result, the degree of contact between the plates is enhanced, thus increasing 
the yield during manufacture of the plate heat exchangers. 

[0025] A partition may be provided in at least one of the first and second passageways to 

divide it into two in a widthwise direction thereof This construction reduces the width and sectional 
area of the passageway and increases the speed of the fluid that flows therethrough, thus enhancing 
the heat transfer efficiency. Also, the provision of the partition increases the mechanical strength 
required for the heat exchangers as pressure vessels and, hence, the performance and reliability of the 
plate heat exchangers are further enhanced. 

[0026] Conveniently, the first and second passageways have generally U20 shaped turning 

portions. By this construction, even if the passageways are extremely long, the length or width of the 
heat exchangers can be considerably reduced, resulting in compact plate heat exchangers. If at least 
one of the first and second passageways has substantially the same width in the direction of length 
thereof, the fluid flows smoothly therethrough. Accordingly, deterioration in heat transfer efficiency 
that has been hitherto caused by a stay of fluid is prevented, thus further enhancing the performance 
of the plate heat exchangers. 

[0027] Each of the plurality of passageway plates may have a through-hole defined therein 

between adjoining fluid paths of each of the first and second passageways. In this case, the 
through-holes of the plurality of passageway plates communicate with one another. By this 
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construction, because heat transfer between the same fluid in the adjoining fluid paths is completely 
blocked, the performance of the plate heat exchangers is further enhanced. 

[0028] If the plurality of passageway plates are made of resinous material, the weight of the 

plate heat exchangers is reduced. In this case, if the partition plates that provide heat transfer surfaces 
are formed of metallic material or resinous material such as graphite having a high heat transfer rate, 
the performance of the heat exchangers is not reduced. 

[0029] In another aspect of the present invention, a method of making a plate heat exchanger 

is characterized by shaping the plurality of plates by pressing, performing plating on opposite surfaces 
of at least some of the plurality of plates, piling up the plurality of plates so that punching directions 
thereof during pressing coincide, and heating the plurality of plates under the condition in which the 
plurality of plates are held in close contact with one another. 

[0030] According to this method, when the plates are piled up, contact of burrs formed 

thereon during pressing is avoided and, hence, the degree of contact between the plates is enhanced. 
Accordingly, the plates are positively joined together by plating and subsequent brazing, making it 
possible to enhance the yield and provide reliable plate heat exchangers. 

[0031] Alternatively, the step of performing plating may be replaced by the step of coating 

with paste solder those surfaces of the plurality of plates that are positioned on an upstream side 
thereof in a punching direction during pressing. The use of the paste solder that is cheaper than 
plating reduces the manufacturing cost of the plate heat exchangers. Also, because the solder is 
coated on the upstream side surfaces of the plates with respect to the punching direction during 
pressing, i.e., on the surfaces of the plates on which no burrs project, jigs or tools such as masks to 
be used during coating are not appreciably damaged by the burrs, thus enhancing the reliability of the 
plate heat exchangers. 
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Brief Description of the Drawing s 

[0032] Fig. 1 is an exploded perspective view of a plate heat exchanger according to a first 

embodiment of the present invention. 

[0033] Fig. 2 is a top plan view of a passageway plate mounted in the plate heat exchanger 

of Fig. 1. 

[0034] Fig. 3 is an exploded perspective view of a plate heat exchanger according to a second 

embodiment of the present invention. 

[0035] Fig. 4 is an exploded perspective view of a plate heat exchanger according to a third 

embodiment of the present invention. 

[0036] Fig. 5 is an exploded perspective view of a plate heat exchanger according to a fourth 

embodiment of the present invention. 

[0037] Fig. 6 is a sectional view taken along line VI- VI in Fig. 1, depicting a method of 

making a plate heat exchanger. 

[0038] Fig. 7 is a sectional view taken along line VI- VI in Fig. 1, depicting another method 

of making a plate heat exchanger. 

[0039] Fig. 8 is an exploded perspective view of a conventional plate heat exchanger. 

Detailed Description of the Invention 

[0040] Preferred embodiments of the present invention are described hereinafter with 

reference to the drawings. 
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(Embodiment 1) 

[0041] Fig. 1 depicts a plate heat exchanger according to a first embodiment of the present 

invention, with a portion thereof taken apart for ease of understanding of the interior structure 
thereof. 

[0042] This plate heat exchanger includes a plurality of plates sandwiched between a pair of 

end plates extending parallel to each other, with a plurality of separate passageways defined in some 
of the plates. The plurality of passageways are not in fluid communication with each other and are 
defined in different plates. The directions of flow of fluids in the plurality of passageways are 
essentially opposite to each other. 

[0043] More specifically, as shown in Fig. 1, a plurality (first group) of passageway plates 1 

each having a passageway 6 defined therein as a penetration for the passage of a heat exchange fluid 
A and a plurality (second group) of passageway plates 2 each having a passageway 7 defined therein 
as a penetration for the passage of a heat exchange fluid B are piled up (stacked) alternately and 
sandwiched between a pair of end plates 4, 5, with a partition plate 3 interposed between adjacent 
passageway plates 1, 2. The passageways 6, 7 are aligned with each other with a partition plate 3 
interposed therebetween. The directions of flow of the heat exchange fluid A in the passageways 6 
and the heat exchange fluid B in the passageways 7 are countercurrent (opposite) with respect to each 
other. 

[0044] Each passageway plate 1 has through-holes 1 2a, 1 2b defined therein in addition to the 

passageway 6, while each passageway plate 2 similarly has throughholes 1 5a, 15b defined therein in 
addition to the passageway 7. Each partition plate 3 has through-holes 13a, 13b, 14a, 14b defined 
therein. When the passageway plates 1, 2 are piled up with a partition plate 3 interposed 
therebetween, an inlet header or space 1 6 for the heat exchange fluid A is formed by a portion of each 
passageway 6 and the through-holes 14a, 15a. An outlet header 17 for the heat exchange fluid A, 
an inlet header 1 8 for the heat exchange fluid B, and an outlet header 19 for the heat exchange fluid 
B are similarly formed. 
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[0045] The end plate 4 has inlet and outlet pipes 8, 9 for the heat exchange fluid A, and inlet 

and outlet pipes 10, 1 1 for the heat exchange fluid B, all of which are secured thereto. The inlet and 
outlet pipes 8, 9 are in fluid communication with the inlet and outlet headers 16, 17 for the heat 
exchange fluid A, respectively. Similarly, the inlet and outlet pipes 10, 1 1 are in fluid communication 
with the inlet and outlet headers 18, 19 for the heat exchange fluid B, respectively. 

[0046] As shown by a solid arrow in the figure, the heat exchange fluid A enters the inlet 

header 16 through the inlet pipe 8 secured to the end plate 4, and then enters the passageways 6 
formed in the passageway plates 1. The heat exchange fluid A that has passed through the 
passageways 6 is collected in the outlet header 17 and is discharged outside through the outlet pipe 
9. On the other hand, as shown by a dotted arrow in the figure, the heat exchange fluid B enters the 
inlet header 18 through the inlet pipe 10 secured to the end plate 4, and then enters the passageways 
7 formed in the passageway plates 2. The heat exchange fluid B that has passed through the 
passageways 7 is collected in the outlet header 19 and is discharged outside through the outlet pipe 
1 1 . At this moment, the heat exchange fluid A flowing through each passageway 6 exchanges heat, 
through the two partition plates 3 1 5 disposed above and below it, with the heat exchange fluid B 
flowing through the passageways 7. 

[0047] As shown in Fig. 1 , because all the passageways 6 and the passageways 7 are aligned 

with or confront each other except in the vicinity of the headers with a partition plate 3 interposed 
between the neighboring passageways 6, 7, the heat exchange fluids A, B exchange heat in a 
countercurrent fashion. In general, the countercurrent flows are superior in heat transfer efficiency 
to the cross- or rectangular-current flows or the parallel flows as employed in the conventional plate 
heat exchangers. Accordingly, the countercurrent flows between the heat exchange fluids A, B make 
it possible to enhance the performance and reduce the size of the plate heat exchangers. 

[0048] It is to be noted here that although in the above-described construction the partition 

plates 3 may have the same thickness as the passageway plates 1, 2, the partition plates 3 may be 
thicker than one of the passageway plates 1, 2. 
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[0049] More specifically, in the plate heat exchangers having passageways each extending 

across the thickness of a plate, the thickness of the passageway plates 1 corresponds to the height of 
the passageways 6 and is a factor in determining the speed of the heat exchange fluid A flowing 
through the passageways 6. On the other hand, the thickness of the partition plates 3 that are heat 
transfer surfaces during heat exchange between the heat exchange fluids A, B is a factor in 
determining the heat resistance during the heat exchange and also in determining the pressure 
resistance of the heat exchangers. In designing the plate heat exchangers particularly in view of the 
pressure resistance thereof, the operating pressures of the heat exchange fluids A, B, the physical 
properties of the plate material, and the partition wall configurations (width, thickness) of the portions 
that form the passageways are parameters to be taken into account. 

[0050J Accordingly, the mechanical strength required for a pressure vessel can be enhanced 

by making the partition plates 3 thicker than at least one of the passageway plates 1, 2, resulting in 
reliable plate heat exchangers. 

[0051] Furthermore, the passageway plates 1, 2 may have the same shape. That is, the 

passageway plates 2 may be the same plates as the passageway plates 1, but arranged so as to be 
turned 1 80° in a horizontal plane with respect to the passageway plates 1 when the passageway plates 
1, 2 are piled up with a partition plate 3 interposed between the neighboring passageway plates 1, 2. 
If the passageway plates 2 are turned 180° in respective horizontal planes with respect to plates 1, 
the passageways 7 and the through-holes 15a, 15b in the passageway plates 2 completely conform 
in configuration to the passageways 6 and the through-holes 12b, 12a in the passageway plates 1, 
respectively. 

[0052] Accordingly, if the passageway plates 1, 2 are identical in shape, the same plates can 

be commonly used for the passageway plates 1,2. As a result, the plate structure is considerably 
simplified, making it possible to reduce the manufacturing cost of the plate heat exchangers. 
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[0053] It is preferred that the external shapes of the passageway plates 1,2 and the partition 

plates 3, and the passageways and through-holes in the passageway plates 1, 2 and the partition plates 
3 are shaped by pressing, and all the plates are piled up so that the punching directions thereof during 
pressing may coincide. 

[0054] In general, when through-holes are formed in plates by pressing, projections or burrs 

are formed along the contour of the through-holes. Such burrs are created on a plate surface 
positioned on the downstream side of the plates with respect to the punching direction during the 
pressing. When the plates are piled up, if the burrs on a plate are brought into contact with those on 
adjacent plates, the degree of contact between the plates is deteriorated, resulting in poor joining. 
However, if the piling (stacking) is carried out so that the punching directions may coincide, the 
contact of the burrs from adjacent plates is avoided and the degree of contact between the plates is 
enhanced, making it possible to increase the yield during the manufacture of the plate heat 
exchangers. 

[0055] As shown in Fig. 1, each of the passageways 6, 7 has generally U-shaped turning 

portions 20, 21. The provision of such turning portions 20, 21 makes it possible to form not only 
straight passageways but passageways of any other shapes such as, for example, rectangular 
passageways or spiral passageways in the plates. This means that even if the passageways are 
extremely long, the length or width of the heat exchangers can be considerably reduced, resulting in 
compact plate heat exchangers. 

[0056] Furthermore, as shown in Fig. 2, either the passageways 6 or the passageways 7, or 

both of them, may have substantially the same width along the length thereof (Fig. 2 particularly 
depicts the passageways 6). 

[0057] The passageways 6 have header portions 22, 23 formed on opposite sides thereof, and 

each header portion constitutes a portion of the inlet or outlet header for the heat exchange fluid A. 
The passageways 6 also have straight portions 24 and turning portions 20, both of which are in fluid 
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communication with the header portions 22, 23. The width Tl of the straight portions 24 and the 
width T2 of the turning portions 20 are set to be substantially the same. This applies to the 
passageways for the heat exchange fluid B. 

[005S] If the width of the passageways is not substantially the same along the length thereof 

and, in particular, if the turning portions of the passageways have a rectangular shape, this means that 
corners exist in the passageways. When the heat exchange fluid passes the corners, it is hindered 
from flowing smoothly, and a portion of the fluid is apt to stay at such corners. This phenomenon 
hinders heat exchange between the passageways through the partition plates and deteriorates the 
performance of the heat exchangers. 

[0059] If the width of the passageways 6 is substantially the same along the length thereof, 

in particular, at the straight portions 24 and at the turning portions 20, the heat exchange fluid A 
flows smoothly without staying at the turning portions 20 of the passageways 6, thus further 
enhancing the performance of the plate heat exchangers. The same is true for the passageways 7 that 
confront the passageways 6. 

(Embodiment 2) 

[0060] Fig. 3 depicts a plate heat exchanger according to a second embodiment of the present 

invention: 

[0061] This plate heat exchanger includes a plurality of plates sandwiched between a pair of 

end plates and each having a plurality of separate passageways defined therein as penetrations that 
are not in fluid communication with each other. The directions of flow of fluids in the plurality of 
passageways are essentially opposite to each other. 

[0062] More specifically, as shown in Fig. 3, a plurality of passageway plates 3 1 each having 

passageways 34, 35 defined therein as penetrations are piled up (stacked) one upon the other and 
sandwiched between a pair of end plates 32, 33. The passageways 34, 35 adjoin and extend parallel 
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to each other to form respective boustrophedonic fluid paths. The directions of flow of the heat 
exchange fluid A in the passageways 34 and the heat exchange fluid B in the passageways 35 are 
countercurrent (opposite) with respect to each other. 

[0063] Each passageway plate 3 1 has an inlet header 40 and an outlet header 41 formed at 

opposite ends of the passageway 34, and also has an inlet header 42 and an outlet header 43 formed 
at opposite ends of the passageway 35. 

[0064] The end plate 32 has inlet and outlet pipes 36, 37 for the heat exchange fluid A, and 

inlet and outlet pipes 38, 39 for the heat exchange fluid B, all of which are secured thereto. The inlet 
and outlet pipes 36, 37 are in fluid communication with the inlet and outlet headers 40, 4 1 for the heat 
exchange fluid A, respectively. Similarly, the inlet and outlet pipes 38, 39 are in fluid communication 
with the inlet and outlet headers 42, 43 for the heat exchange fluid B, respectively. 

[0065] The heat exchange fluid A enters the inlet header 40 through the inlet pipe 3 6 secured 

to the end plate 32, and then enters the passageways 34 formed in the passageway plates 31. The 
heat exchange fluid A that has passed through the passageways 34 is collected in the outlet header 
41 and is discharged outside through the outlet pipe 37. On the other hand, the heat exchange fluid 
B enters the inlet header 42 through the inlet pipe 38 secured to the end plate 32, and then enters the 
passageways 35 formed in the passageway plates 31. The heat exchange fluid B that has passed 
through the passageways 3 5 is collected in the outlet header 43 and is discharged outside through the 
outlet pipe 39. At this moment, the heat exchange fluid A flowing through the passageways 34 
exchanges heat, through partitions 44 positioned between the passageways 34, 35, with the heat 
exchange fluid B flowing through the passageways 35. 

[0066] As shown in Fig. 3, because all the passageways 34 and the passageways 35 adjoin 

and confront each other except in the vicinity of the headers with the partitions 44 interposed 
therebetween, the heat exchange fluids A, B exchange heat in a countercurrent fashion. 
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[0067] Because the plate heat exchanger of the above-described construction does not require 

the partition plates as shown in Fig. 1, but requires only the passageway plates 3 1, and because all 
the passageway plates 31 have the same shape, the plate structure can be simplified, making it 
possible to enhance the performance of the plate heat exchangers and to reduce the size and 
manufacturing cost of the plate heat exchangers. 

[0068] As is the case with Embodiment 1, the degree of contact between the plates can be 

enhanced by shaping the passageway plates 3 1 by pressing, and by piling up (stacking) all the plates 
so that the punching directions thereof during pressing may coincide. 

[0069] Moreover, as is the case with Embodiment 1 , the provision of the generally U-shaped 

turning portions in the passageways 34, 35 can further reduce the size of the plate heat exchangers. 
Also, if either the passageways 34 or the passageways 35, or both of them, have substantially the 
same width in the direction of length of the passageways, the performance of the plate heat 
exchangers is further enhanced. 

(Embodiment 3) 

[0070] Fig. 4 depicts a plate heat exchanger according to a third embodiment of the present 

invention. 

[0071] This plate heat exchanger includes a plurality (first group) of passageway plates 5 1 

each having a passageway 56 defined therein as a penetration for the passage of a heat exchange fluid 
A, and a plurality (second group) of passageway plates 52 each having a passageway 57 defined 
therein as a penetration for the passage of a heat exchange fluid B. These passageway plates 5 1, 52 
are piled up (stacked) alternately and sandwiched between a pair of end plates 54, 55, with a partition 
plate 53 interposed between adjacent passageway plates 51, 52. The passageway 56 in each 
passageway plate 51 is divided into two sections in the widthwise direction thereof by a partition 
member 72. 
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[0072] Each passageway plate 51 has through-holes 62a, 62b defined therein in addition to 

the passageway 56, while each passageway plate 52 similarly has through-holes 65a, 65b defined 
therein in addition to the passageway 57. Each partition plate 53 has through-holes 63a, 63b, 64a, 
64b defined therein. When the passageway plates 51, 52 are piled up (stacked) with a partition plate 
53 interposed therebetween, an inlet header or space 66 for the heat exchange fluid A is formed by 
a portion of each passageway 56 and the through-holes 64a, 65a. An outlet header 67 for the heat 
exchange fluid A, an inlet header 68 for the heat exchange fluid B, and an outlet header 69 for the 
heat exchange fluid B are similarly formed. 

[0073] The end plate 54 has inlet and outlet pipes 58, 59 for the heat exchange fluid A, and 

inlet and outlet pipes 60, 61 for the heat exchange fluid B, all of which are secured thereto. The inlet 
and outlet pipes 58, 59 are in fluid communication with the inlet and outlet headers 66, 67 for the heat 
exchange fluid A, respectively. Similarly, the inlet and outlet pipes 60, 6 1 are in fluid communication 
with the inlet and outlet headers 68, 69 for the heat exchange fluid B, respectively. 

[0074] The heat exchange fluid A enters the inlet header 66 through the inlet pipe 5 8 secured 

to the end plate 54, and then enters the passageways 56 formed in the passageway plates 5 1 . The 
heat exchange fluid A that has passed through the passageways 56 is collected in the outlet header 
67 and is discharged outside through the outlet pipe 59. On the other hand, the heat exchange fluid 
B enters the inlet header 68 through the inlet pipe 60 secured to the end plate 54, and then enters the 
passageways 57 formed in the passageway plates 52. The heat exchange fluid B that has passed 
through the passageways 57 is collected in the outlet header 69 and is discharged outside through the 
outlet pipe 61. At this moment, the heat exchange fluid A flowing through each passageway 56 
exchanges heat, through the two partition plates 53 disposed above and below it, with the heat 
exchange fluid B flowing through the passageways 57. 

[0075] As shown in Fig. 4, the provision of the partition member 72 for dividing the 

passageway 56 into two sections in the widthwise direction thereof reduces the full width and the 
sectional area of the passageway 56. Therefore, the speed of the heat exchange fluid A that flows 
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through the passageway 56 is increased. In general, an increase in speed of the fluid enhances 
the heat transfer efficiency. Also, the provision of the partition member 72 enlarges the joining area 
between the passageway plate 5 1 and the partition plate 53, thus increasing the mechanical strength 
required for the heat exchangers as pressure vessels. 

[0076] Accordingly, the above-described construction further enhances the performance and 

reliability of the plate heat exchangers. 

[0077] In the plate heat exchanger shown in Fig. 3, the same effects can also be obtained if 

a partition is provided in at least one of each passageway 34 or each passageway 35 to divide it into 
two sections in the widthwise direction thereof. 

(Embodiment 4) 

[0078] Fig. 5 depicts a plate heat exchanger according to a fourth embodiment of the present 

invention. 

[0079] This plate heat exchanger has substantially the same construction as that shown in Fig. 

1 and includes a plurality of passageway plates 51 each having a passageway 56 defined therein as 
a penetration for the passage of a heat exchange fluid A, and a plurality of passageway plates 52 each 
having a passageway 57 defined therein as a penetration for the passage of a heat exchange fluid B. 
These passageway plates 51,52 are piled up alternately and sandwiched between a pair of end plates 
54, 55, with a partition plate 53 interposed between adjacent passageway plates 51, 52. The 
passageways 56, 57 have generally U-shaped turning portions 70, 71, respectively. In addition, each 
of the passageway plates 51 has a plurality of through-holes or slots 73 a defined therein between 
adjacent fluid paths of the passageway 56 (between the upstream and downstream sides of each 
turning portion 70), while each of the partition plates 53 and each of the passageway plates 52 have 
respective through-holes or slots 73b, 73c aligned with the through-holes 73 a so as to communicate 
therewith. The end plates 54, 55 similarly have respective throughholes or slots 73d, 73 e aligned with 
the through-holes 73a, 73b, 73c. 
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[0080] Each passageway plate 5 1 has through-holes 62a, 62b defined therein in addition to 

the passageway 56, while each passageway plate 52 similarly has through-holes 65a, 65b defined 
therein in addition to the passageway 57. Each partition plate 53 has through-holes 63a, 63b, 64a, 
64b defined therein. When the passageway plates 51, 52 are piled up (stacked) with a partition plate 
53 interposed therebetween, an inlet header or space 66 for the heat exchange fluid A is formed by 
a portion of each passageway 56 and the through-holes 64a, 65a. An outlet header 67 for the heat 
exchange fluid A, an inlet header 68 for the heat exchange fluid B, and an outlet header 69 for the 
heat exchange fluid B are similarly formed. 

[0081] The end plate 54 has inlet and outlet pipes 58, 59 for the heat exchange fluid A, and 

inlet and outlet pipes 60, 61 for the heat exchange fluid B, all of which are secured thereto. The inlet 
and outlet pipes 58, 59 are in fluid communication with the inlet and outlet headers 66, 67 for the heat 
exchange fluid A, respectively. Similarly, the inlet and outlet pipes 60, 6 1 are in fluid communication 
with the inlet and outlet headers 68, 69 for the heat exchange fluid B, respectively. 

[0082] The heat exchange fluid A enters the inlet header 66 through the inlet pipe 58 secured 

to the end plate 54, and then enters the passageways 56 formed in the passageway plates 51. The 
heat exchange fluid A that has passed through the passageways 56 is collected in the outlet header 
67 and is discharged outside through the outlet pipe 59. On the other hand, the heat exchange fluid 
B enters the inlet header 68 through the inlet pipe 60 secured to the end plate 54, and then enters the 
passageways 57 formed in the passageway plates 52. The heat exchange fluid B that has passed 
through the passageways 57 is collected in the outlet header 69 and is discharged outside through the 
outlet pipe 61. At this moment, the heat exchange fluid A flowing through each passageway 56 
exchanges heat, through the two partition plates 53 disposed above and below it, with the heat 
exchange fluid B flowing through the passageways 57. 

[0083] As shown in Fig. 5, where the passageways 56 have the generally U-shaped turning 

portions 70, the heat exchange fluid A that flows through a fluid path of one of the passageways 56 
not only exchanges heat with the heat exchange fluid B through the partition plates 53, but also has 
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a good chance to exchange heat with the heat exchange fluid A that flows through neighboring fluid 
paths of such one of the passageways 56. In this embodiment, however, because a through-hole 73a 
is formed between the neighboring fluid paths of each passageway 56, heat transfer at such portion 
is completely blocked. The same is true for the passageways 57. 

[0084] By the above-described construction, heat exchange between the neighboring fluid 

paths of each passageway is completely blocked, making it possible to flirther enhance the 
performance of the plate heat exchangers. 

[0085] In the plate heat exchanger shown in Fig, 3 also, the same effects can be obtained if 

a through-hole is provided between neighboring fluid paths of the same passageway 34 or 35. 

(Embodiment 5) 

[0086] A method of making the plate heat exchangers according to the first to fourth 

embodiments of the present invention (shown in Figs. 1 to 5) is discussed hereinafter in detail. It is 
assumed that all the plates are made of metallic material having superior heat transfer properties such, 
for example, as stainless steel, copper, aluminum or the like. 

[0087] Fig. 6 is a sectional view taken along the line VI- VI in the plate heat exchanger of Fig. 

1 and clearly depicts the position of solder or plating material when the plates are piled up (stacked). 
The passageway plates 1, 2 covered entirely with deposits 26, 27 are piled up one above the other 
between the upper and lower end plates 4, 5 with a partition plate 3 interposed between neighboring 
passageway plates 1,2. 

[0088] The passageways and the through-holes are first formed in the passageway plates 1, 

2 and the partition plates 3 by a pressing procedure that is superior for mass-productivity. 

[0089] Subsequently, plating is performed on the surfaces of the passageway plates 1, 2 in 

which the passageways and the through-holes have already been formed. If the plates are made of 
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stainless steel that is superior in resistance to corrosion, it is sufficient if the plating is performed using 
mainly nickel and phosphorus, for example. This plating is generally electroless plating. If the plates 
are made of copper having a high heat transfer rate, it is sufficient if the plating is performed using 
mainly silver, for example. 

[0090] Furthermore, all the plates are piled up so that the punching directions thereof during 

pressing may coincide as shown by an arrow in the figure. 

[0091] Finally, the deposits are fused to join the plates together by heating the plates held in 

close contact with one another. 

[0092] At this moment, the plates that have been processed by pressing are piled up so that 

burrs formed during pressing may protrude in the same direction. Accordingly, deterioration in the 
degree of contact between neighboring plates, which has been hitherto caused by contact between 
the burrs, is avoided, and the plates are positively joined together by plating and subsequent brazing, 
making it possible to enhance the yield and provide highly reliable plate heat exchangers. 

[0093] The same effects can be obtained with respect to the plate heat exchanger shown in 

Fig. 3, if it is made by a method including the steps of: shaping the passageway plates 3 1 by pressing; 
performing plating on the opposite surfaces of the passageway plates 31; piling up the passageway 
plates 3 1 so that the punching directions thereof during pressing may coincide; and heating the piled 
passageway plates 3 1 under the condition in which they are held in close contact with one another. 

(Embodiment 6) 

[0094] Fig. 7 depicts another method of making the plate heat exchangers according to the 

first to fourth embodiments of the present invention. The passageway plates 1, 2 (of which only the 
upper surfaces are coated with solder or brazing material) are piled up one above the other between 
the upper and lower end plates 4, 5 with a partition plate 3, of which only the upper surface is 
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similarly coated with solder or brazing material, interposed between neighboring passageway plates 
1,2. 

[0095] The passageways and the through-holes are first formed in the passageway plates 1, 

2 and the partition plates 3 by a pressing procedure that is superior for mass-productivity. 

[0096] Subsequently, the plates are coated with solder. Paste solder in which powdered 

solder is mixed with a binder is preferably used for the solder. The coating of the paste solder is 
performed by a printing method such as a silk-screen process with the use of a coating mask. In this 
embodiment, the upper surfaces of the passageway plates 1 and those of the partition plates 3 
disposed below them are coated with solder 28a and solder 28b, respectively, using masks that have 
openings of substantially the same shape as that of the openings of the passageway plates 1. The 
coating of the solder is performed on the surfaces (upper surfaces in the figure) positioned on the 
upstream side of the plates in the punching directions thereof during pressing. Similarly, the upper 
surfaces of the passageway plates 2 and those of the partition plates 3 disposed below them are 
coated with solder 29a and solder 29b, respectively, using masks that have openings of substantially 
the same shape as that of the openings of the passageway plates 2. Where the plates are made of 
stainless steel, nickel is preferably used for the solder, and where the plates are made of copper, silver 
or phosphor, copper is preferably used for the solder. 

[0097] Furthermore, all the plates are piled up so that the punching directions thereof during 

pressing may coincide as shown by an arrow in the figure. 

[0098] Finally, the solder component in the paste solder is fused to join the plates together 

by heating the plates held in close contact with one another. 

[0099] As a result, the plates are positively joined together by brazing using the paste solder. 

The use of the paste solder that is cheaper than plating reduces the manufacturing cost of the 
heat exchangers. Also, because the solder is coated on the surfaces of the plates on which no burrs 
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project, jigs or tools such as masks to be used during coating are not appreciably damaged by the 
burrs, thus enhancing the reliability of the plate heat exchangers. 

[0100] The same effects can be obtained with respect to the plate heat exchanger shown in 

Fig. 3, if it is made by a method including the steps of: shaping the passageway plates 3 1 by pressing; 
coating with paste solder the surfaces of the passageway plates 3 1 that are positioned on the upstream 
side of the plates in the punching directions during pressing; piling up (stacking) the passageway 
plates 3 1 so that the punching directions thereof during pressing may coincide; and heating the piled 
passageway plates 3 1 under the condition in which they are held in close contact with one another. 

[0101] It is to be noted that although in Embodiments 5 and 6 it is assumed that all the plates 

are made of metallic material, at least the passageway plates may be made of resinous material having 
a small specific gravity such, for example, as Teflon sheets depending on the pressure resistance and 
the heat resistance of the heat exchangers. 

[0102] The use of such material reduces the weight of the plate heat exchangers. In this case, 

if the partition plates 3 are made of metallic material that is superior in heat transfer efficiency to the 
resinous material, heat transfer between the heat exchange fluids A and B is not deteriorated. Where 
the passageway plates are made of resinous material, bonding or welding is preferably used in place 
of the brazing in manufacturing the plate heat exchangers. The use of the resinous material can 
reduce the weight and size of the heat exchangers while maintaining the heat transfer efficiency, 
compared with the plate heat exchangers in which all the plates are made of metallic material. 

[0103] It is to be noted that all the plates may be made of resinous material according to the 

use environment of the heat exchangers. 
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